phic indicators. They do not indicate the nature of the relationship or the level of health risks. A number of studies have revealed that mortality of the population has a correlational relationship with unemployment [2; 3; 4; 5] and Gross Regional Product (GRP) per capital [3; 6; 7] ; however they do not provide any further analysis. There also appears to be a big spread in values of the correlation coefficients -from weak to strong relationship.
Such studies typically use individual indicator to characterize the medico-demographic situation and the state of public health as well as to describe the socio-economic factors themselves. As a result, the level of socio-economic development of a territory is dangerously reduced to GRP per capita, the living standards -to per capita income, and the quality of healthcare -to the amount of doctors per capita.
The methodology of risk analysis and the results may be used as an effective basis for the management of human potential and provide a backstop for the identification of the key areas of the socio-economic policy [8, 9] .
The purpose of the study is to develop the algorithm and methods of the assessment of health risks associated with the impact of macro-level socioeconomic factors and test the proposed methods through the example of one of the Russian regions.
Materials and methods. The assessment of health risks associated with the impact of socioeconomic factors on public health involves the following stages: 1) hazard identification 2) dose-response assessment 3) exposure assessment, 4) hazard characterization.
At the stage of hazard identification, when collecting specific indicators of socio-economic factors and health indicators to be included in the risk assessment procedure, statistical databases (Global Health Observatory Data Repository -WHO, Central Statistical Database of the Russian Federal State Statistics Service, Integrated Interdepartmental Information and Statistical System, Rosstat Database of the Municipal Entities Indicators) were used to form a list of indicators as well as Rospotrebnadzor departmental documents that defined the list of indicators to be collected for the purposes of socio-hygienic monitoring, and also regulatory documents that established the list of indicators for the evaluation of performance of the local governments.
As a rule, there are many statistical indicators that characterize the socio-economic risk factors, but they are interdependent. To classify them and reduce the number of variables, it is necessary to use factor analysis.
The classification of macrosocial indicators was based on the factor matrix that describes the relationships (correlations) between reference variables and general factors. A factor is described with the help of a group of indicators with the highest absolute values of factor weights. The number of factors was determined in accordance with the Kaiser criteria. For further analysis, we selected the factors with proper values greater than unity. As a result of the factor analysis, we assigned the values of orthogonal (uncorrelated) factors to each of the analyzed territories (regions). The following analysis included integrated factors rather than individual socio-economic indicators.
We used correlation and regression analysis to determine the dose-effect relationship. When using this method, we took into account that the health response to the change in macrosocial factors does not take place immediately.
We used a 1-year time lag i.e. the socioeconomic factors of year N served as independent variables, whereas N+1 was taken as a dependent variable (health disorders in the form of mortality, morbidity, disability, etc.). Solely reliable models (р<0.05) were used in the analysis.
To determine the impact of individual factor included in the analysis as well as their additive effect on the problem health indicator, we constructed a multiple regression model. For each of the models, we calculated R-squared (R 2 ) that registered the share of the explained variation of the health indicator based on the socio-economic factors in question included in the model. To determine the health indicators foremost dependent on those factors, we ranged all the health indicators using R-squared.
For the models that included several socioeconomic factors, we calculated individual determination coefficients to determine the contribution of the variation of individual factors to the variation of health indicators.
The exposure of socio-economic factors was assessed based on the analysis of available government statistics. The advantage of its use is consistency of the methodological data collection framework, large-scale data that activates the law of large numbers that mitigates individual mistakes of individual researchers, as well as mandatory expert assessment of the data before publication. In addition, it was determined that the use of relative figures that allows comparing absolutely different regions (territories, municipal entities) is more informative.
With the help of the parameters of public exposure to the socio-economic factors, it is possible to compare, among other things, the size of the population under exposure to the hazardous factor.
The stage of hazard characterization includes calculation and classification of the hazard associated with the impact of socio-economic factors on public health. At first, it is necessary to identify the threshold values of impact of the factors on public health. Then, determine the difference between the indicators of mortality/morbidity identified with the help of the obtained models for the current value of socio-economic factors, and the threshold values with the account for the determination coefficient of the model.
When assessing the quantitative risk associated with the impact of socio-economic factors on public health, the following formula was used: Here the term "threshold" means the best value of the factor in the current social environment. It might include the best value of the factor among all the included in the analysis when building the mathematical models of the territory of the average factor value.
In some cases, it might be necessary to use the values of the indicators identified in the strategic documents of the Russian government in order to calculate the target level.
Since the assessment of the risk associated with the impact of socio-economic factors on public health was conducted in quantitative terms, risk is calculated as the product of the amount of additional cases of health problems calculated per capita and the severity of the problem:
where g i is the severity of health problem. The risk was classified based on the analogue strategy (we used the approach recommended by the World Health Organization for the purposes of assessment of the health risks associated with environmental factors).
Results and Discussion. The factor analysis of the macrosocial indicators for the RF regions revealed 4 groups of macro-level socio-economic factors ( where y 32 -the rate of diseases related to high pressure, F 3 -the state of healthcare system. To determine the health indicators mostly dependent on the above factors, all the health indicators were ranged by R 2 . For the models described above with the help of mathematical equations, the ranging was conducted as follows: 1) standardized mortality rate, deaths from respiratory diseases (R 2 =0,33); 2) infant mortality (R 2 =0,23); 3) nervous diseases (R 2 =0,23); 4) mortality from vehiclerelated accidents (R 2 =0,22); 5) the rate of gallbladder and bile-duct diseases (R 2 =0,21); 6) standardized mortality rate, deaths from infectious and parasitic diseases (R 2 =0,16); 7) the rate of liver diseases (R 2 =0,11); 8) the rate of circulatory diseases (R 2 =0,09); 9) perinatal mortality (R 2 =0,08); 10) the rate of diseases related to high pressure (R 2 =0,06). For the models that include several factors, we calculated partial determination coefficients to determine the share of variations of individual socio-economic factors in the variations of a health indicator. Based on those coefficients, all the factors included in the model were ranged.
It was determined that in the determination of the standardized indicator of infectious and parasitic disease mortality, the leading part belongs to the level of development of social infrastructure, then the living conditions, and the level of socioeconomic development of the area; the impact of the level of development of the social infrastructure on the gall-bladder and bile-duct diseases is bigger than of the state of healthcare system; at the same time, the rate of nervous diseases depends more on the state of healthcare system than the level of development of the social infrastructure in the region.
Hazard characterization starts with the identification of the threshold values of the impact of macrosocial factors on the health indicators. The value corresponding to the highest value of each of the integrated factors (F 1 -F 4 ) was identified as the threshold value: for the "level of socio-economic development of the area" factor (F 1 ), the threshold value was 3,998, for the "living conditions" factor (F 2 ) -2,431, for the "state of healthcare system" factor (F 3 ) -3,100, for the "level of development of social infrastructure" factor (F 4 ) -1,687.
A high level of risk associated with the in 8 regions (Table 2) . Table 2 shows that in the Republic of Dagestan (R = 0,00225), the Jewish Autonomous Region (R = 0,00194), the Republic of Tuva (R = 0,0018), Ingushetia (R = 0,00174), Altai (R = 0 , 00126), Amur Region (R = 0,001192), Khabarovsk Krai (R = 0,001146), Kamchatka Krai (R = 0,001031), immediate action is required to reduce the socially determined risk of infant mortality, aimed, primarily, at the development of social infrastructure in the territories.
In as many as 43 regions, the level of risk associated with the impact of socio-economic factors on infant mortality is average which is still considered unacceptable for the population at large. The value of risk among the regions of this group varies from 0.00962 in Primorie to 0.00011 in Vladimir Region.
The average risk (the value exceeds 1*10 -4 , which is unacceptable for the population at large) associated with the impact of socio-economic factors was identified in regards to the indicator "standardized mortality related to respiratory diseases" in the following regions: Republic of Dagestan ( R =0,000263), Republic of Tyvapublic of Sakha (Yakutia) (in both subjects R =0,000123). Socially-determined risk towards standardized indicator of mortality related to infectious and parasitic diseases exceeded the acceptable level in only one RF region -the Republic of Tyva (R=0,000110). As for the "circulatory morbidity" indicator -in the following 6 regions: Republic of Ingushetia (R=0,000223), Московская Region (R=0,000199), Leningrad Region (R=0,000193), Altai Krai ( R =0,000128), Kamchatka Krai (R=0,000103) and Belgorod Region (R=0,000102).
"High pressure related morbidity", "liver morbidity", "gall-bladder and bile-duct morbidity", "vehicle-related mortality", and "nervous morbidity" did not exceed the acceptable level in any of the RF regions.
Conclusions. Assessment of the health risk associated with socio-economic factors conducted with the use of the above method showed a high level of risk in terms of "infant mortality" in 8 regions, "circulatory morbidity" -in 6 regions, and in terms of the indicator "mortality related to infectious and parasitic diseases" -in 1 region. In these regions, emergency actions are needed to reduce socially-determined risk. The level of risk is average in some regions which indicates the necessity of mitigation measures.
In the Far Eastern Federal District, the situation can be described as acute. For example, in Primorie, Khabarovsk, and Kamchatka Krai as well as in Magadan and Amur regions, the permissible level of risk is exceeded regarding 3 health indicators; in the Republic of Sakha (Yakutia), Jewish Autonomous Region -regarding 2 indicators, and only in Sakhalin Region -regarding 1 indicator. Consequently, in the RF regions in-cluded in the district 1 , socio-economic factors present elevated risk for public health.
To compare, there is no exceedance of the permissible risk level regarding 3 health indicators in any of the 18 regions included in the Central Federal District; in Moscow, Tambov, Tula and Yaroslavl Regions, the level of socially-determined risk in terms of all the indicators is at the permissible level.
In the Republic of Dagestan, Republic of Tyva and Altai Krai, the level of risk associated with socio-economic factors is impermissible in terms of 3 indicators: 2 of them are "standardized indicator of mortality associated with respiratory diseases" and "infant mortality". In Tyva, the third indicator is standardized indicator of mortality associated with infectious and parasitic diseases (also, the values of risk in terms of the indicator "vehicle-related mortality" at 0,000098, which is close to unacceptable), in Dagestan -perinatal mortality, and in Altai Krai -circulatory morbidity.
The obtained results of the assessment of socially-determined risks can be used by the local governments as an information basis in the development of regional action plans. To include the health risk indicators in the evaluation of performance of governmental agencies and departments as well as in the system of socio-economic monitoring. To use the health risk assessment methodology and the accumulated data in the "factor-effect" relationship including the mathematical models of different kinds in the process of situation modelling. To introduce annual assessment of economic losses related to mortality, disability and morbidity related to socio-economic factors in the regular practice.
